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RESEARCH OBJECTIVES
• Develop landscape assessment approaches/simple 

models to assist in the identification and prioritization 
of watersheds/ water bodies vulnerable to non-point 
source pollution (regional scale down)

• Initial focus on nutrients, sediments, fecal coliforms, 
flow 

• Develop new remote sensing approaches to improve 
assessments of watersheds/water bodies at risk to non-
point source pollution

• Conduct regional and national assessments 
(historic/current/alternative futures) of 
watersheds/water bodies vulnerable to non-point 
source pollution 

• Develop tools to aid environmental decision makers in 
evaluating vulnerability of watersheds/water bodies to 
non-point source pollution



PRESENTATION HIGHLIGHTS

• Empirical studies linking landscape metrics to 
nutrients, sediment, and fecal coliforms.

• Simple statistical models to estimate nutrient 
export/nutrient and sediment loads

• Statistical models estimating the spatial 
distribution of potential exceedence of 
standards

• Evaluating the consequences of historical and 
future landscape change on nutrient loadings

• Examples of tools being developed



Quantify Relationships Between 
Landscape Conditions and Stream 

Conditions









Landscape Metrics

Mean Riparian agriculture
Riparian forest 
Forest fragmentation 
Road density
Forest land cover 
Agricultural land cover 
Agricultural land cover 

on steep slopes
Nitrate deposition
Potential soil loss    
Roads near streams 
Slope gradient  
Slope gradient range 
Slope gradient variance
Urban land cover 
Wetland land cover
Barren land cover

Landscape Metrics



R2 = .83
Riparian Forest
Nitrate Dep

R2 = .86
% Ag
Nitrate Dep
Roads x Streams
% Urban
Riparian  Ag

R2 = .65
Road Density
Riparian Forest



Applying the Total Nitrogen Model to a Surface
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Goal:

Predict the non-attainment of TMDL limits by 
analyzing land cover information for the state 

of South Carolina.



Data Sources:

• National Land Cover Data (NLCD)                
formerly known as the MRLC data set

• Watershed boundaries
• Water test results
• Stream network
• Digital Elevation Model (DEM)



Logistic Regression

• Analyzes the relationship between a binary 
response variable (exceeding standards, not 
exceeding standards) and a number of 
explanatory variables

• Calculates  the probability of a specific 
response occurring

• Produces a number of diagnostic measures:
– -2 Log Likelihood (-2LL)
– Score
– Concordance



Model Accuracy:

-2 Log L 86.11 (p < 0.0001)
Score 96.52 (p < 0.0001)

Concordant 71.8%
Discordant 27.5%
Tied 0.7%

(153,846 pairs)



Variables:

<0.00010.963.65NATSTCOV
<0.00011.215.85PCTAGSLP
<0.00011.067.93PCTURB
<0.00010.86-5.2Intercept

p - valueStandard 
ErrorEstimate



Fecal Coliforms



Modeling Nutrient Export Risk, Forecasting Changes in Risk Due to 
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Nitrogen Export
kg/ha/yr

33.3
23.5
22.328.012.2
20.618.07.6
20.016.34.4
14.012.03.7
11.99.63.0
9.89.62.6
9.67.92.5
9.16.72.5
5.85.42.2
5.05.10.7
5.05.00.2
4.85.00.1
3.25.00.1

AgricultureUrbanForest

Source: Frink (JEQ, 1991, 20:717)



38.512.86.54.01.519N4-4800Urban

0.830.220.080.040.0162P7-47000Forest 

6.233.391.100.690.1924P4-4800Urban

5.401.340.910.490.0827P40-8000Agriculture

7.33.32.51.91.421N7-47000Forest 

53.220.311.16.62.130N40-8000Agriculture
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0.00 < p < 0.15

0.15 < p < 0.30
0.30 < p < 0.45
0.45 < p < 0.60
0.60 < p < 0.77

N > 6.5 kg/ha/yr

Forecasting part
- urban, vulnerability = two spatial patterns



p = 0.00

0.00 < p < 0.14
0.14 < p < 0.28
0.28 < p < 0.42
0.42 < p < 0.56

Ph > 1.1 kg/ha/yr



National Assessment of Nitrogen and Phosphorus Export Risk



Historical Change and 
Consequences 



New York City Watershed Change Study





New York City 
Watersheds



Impervious Surfaces





1947 - 1998 Streamflow vs. Precipitation
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From:  Jennings and Jarnagin 2002.  Landscape Ecol. In press.



MAIA – 1970s to 1990s



Mid-Atlantic 
Landscape Change
(1970s-1990s)



NLCD 1990s Land Cover Data







Changes in Nitrogen
Yield - Model 
Implemented
On 25 km2 Grid
Cells



How similar is the pattern of change in bird habitat quality 
to changes in nitrogen yield?

Apply O’Connell 
et al. 2000 model



Changes in Bird Habitat
Quality – 1970-1990 base on
25km2 grid cells

Bird
Habitat
Quality

Nitrogen
Loadings to
Streams



Alternative Future Assessments



Increase

Decrease

Riparian
Habitat 





TOOLS



Conceptual Design of AGWA
Processes

runoff, sediment hydrograph
time

ru
no

ff

Components

Gravelly loam Soil
Ks = 9.8 mm/hr
G = 127 mm
Por. = 0.453

in
te

ns
ity

time

10-year, 30-minute event

STATSGO
Build GIS Database NALC, MRLC

USGS 7.5' DEM

Build Model Input Files

Derive Secondary Parameters
look-up tables

Characterize Model Elements
f (landcover, topography, soils)

Discretize Watershed
f (topography)

Contributing
Source Area

View Model Results
link model to GIS





The End
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